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UNITARY, UNIFIED MODELS FOR NN + NNn

Richard R. Silbar .
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

ABSTRACT

First-generation unitary, unified models reproduce the new
NN + NNn data reasonably well, but there are two interesting
"warts" in the comparison of theory and experiment.

INTRODUCTION

Since 1958 the usual treatment of single—pion production in
nucleon-nucleon collisions has been the isobar model (Fig. 1). 1In
the past ten years there has been a concerted effort by several

groups to calculate the "blobs" for the NN + Na part of the ampli-
tude in a unitary way.

There have been several
different approaches. Some
groups have employed a coupled F~< 9
two-bogy channels me thod . 112 :—ﬁ: = z ‘im:
others3~8 have solved Faddeev- a
like coupled integral equa-
tions, satisfying the con-
straints of two~ and three-body
unirarity. Closely related to
the latter method is the more
phenomenological agproach of Fig. 1. Isobar model, NN + NNrn
the Argonne group.” Most, but
not all, of these groups have heen interested in the reactions

nd + nd and NN + dn (which are not discussed in this paper) rather
than the two-te-three-body reaction NN + NNn.

a = A,N", ...

TOTAL INELASTIC CROSS SECTIONS

From the o.r-shell NN + NN amplitude that 1s calculated in the
different unified models, one can use the optical theorem to ohtailn
total cross sections, Figure 2 shows one of the first ettempts3 to
do this for the total spin-averaged I=! inelastic (NN + NNn) cross
section. The model, having no free parameters, only takes into
account (iterated) pion exchange between the nucleons and A
resonances. The success of the comparison to data contrasts
strongly with Born approximation calculations of this cross mec-
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tion, which are off in magni-
tude and/or shape as a function T T
of energy. Note, by the way, 60
that two-pion production,

NN + NNnn, only becomes impor—

TNN— NNy (T°1)

4 p—

tant above 1500 MeV. This pro— € ° 7
vides some justification for | 3
the use of a three-body ap- 20 i"i | S
proach to NN inelasticity in 1/‘,
the mediumenergy regime. 0 L .

o) 1000 2000

However, the result shown Tiop (Mev)

in Fig. 2 is a bit fortuitous.
The difference in longitudi-
nally spin~dependent inelastic Fig. 2. Spin-averaged I=l
CTO88 sections, AGL nel ™ 1 T T

(%) - 1(3),” has been
régg%tly founﬁ to ge 8 very

different from the predictions
of that model (Fig. 3). Even
the shape of the energy depend-
ence is wrong. There are sim=~
ilar mispredictions of this
quantity by other (m?re recent
conventional models. We are
forced to conclude that
present-day models are missing
a great deal of the triplet
inelasticity that is actually
present,

This is the first inter-

esting wart. It has recently 1 1 _
been confirmed in a different 1.0 .5 20
way by extracting12 the

separate singlet and triplet Fig. 3. I=1 Ao

inelas*
inelastic croso sections. Ly1nelas

Tigure 4/ phows how mich the Kloet-Silbar model (OPE version) over-
predicts tne sirnglet and underpredicts the triplet inelasticities.
In the othes unified models the author is aware of there is a
similar tend;ncy to overemghaaize the singlet contribution (domi-
nated by the NN(! D,) + NA(’S,) partial wave) and to underestimate
the triplet waves. This conclualon can also be drawn from some of
the NN » NNu data now to be discussed.



Fig. 4. I=]1 singlet and triplet inelastic cross sections.
NN + NNm -- EXCI'ISIVE KINEMATICS

It is only quite recently that we have witnessed an explosion
in our knowledge of reactions like pp + npu+, particularly with re-
spert to its rich spin dependence. For somewhat peculiar technical
reasons, Dubach, Kloet, and I have Yﬁen the only group active in
producing unitary model predictions'” for tl. s two~to—three-body
process. This 1is because our procedure for solving the c2upled
integral equations (Pade approximants) is well-suited to breakup
problems, whereas the contour rotation method used by most other
groups solving Faddeev-like equations 13 better spplied to two-to~
two reactions, such as pp + dn. In the sPAme vein, the Helsinki
coupled-channels method requires a Fourier transformation to momen-
tumn space to be apfﬁied to breakup. For this reason, all of the
theoretical curves in the figures 3hown in th: rest of this puper
use the model of Ref. 3.

Figure 5 shows how this model, with pion-fzchange forces only,
compares with some differential cross sections”” for completely de-
termined final state kinematics. As not unexpected for an isobar
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Fig. 5. Cross sections at 800 MeV for pp + npn+ for two
representative angle pairs, versus final proton momentum
in GeV/c. Data are from Ref. 14,

model calculation, the peaks representing the A resonances are well
reproduced. More to the point here, the unitary model does
reasonably well in reproducing the magnitudes of these cross sec-—
tions. It is apparent, however, that the model predictions are
somevhat more isotropic than the data. This flatter angular dis-
tribution (with respect to the proton angle, say) gan be attributed
to the excess of inelasticity in the NN( DZ) + NA( 52) anplitude,
as discussed in the last section.

There is also an interesting bump in the (lﬁo,hzo) momentum
distribution near 600 MeV/c, that is not ut all reproduced by the
model. This peak i1s due to the s-wave final state interaction ope-
tween the proton and neutron, their relative energy being nearly
zero around this proton momentum. Such an Interaction is not
included in our three-body model (though we are considering adding
such an effect in an approximate way.) It will be interesting to
gsee how this effect alters the spin-dependent observables as well
as the cross section,

An observable which 18 much more sensitive to model details is
the beam polarization asymmetry, , in the reaction ﬁp + npn+.
This is because such a quantity depends on the relative phase be-
tween a spin~-flip and a non-flip amplitude. (Figure 6 ghows a
"typical" case, as measured by the Rice-Housrton group1 at 800 MeV.
For other angle pairs the agreement between the pion~exchange-only
calculations and data is better and worae. Note that the Boin

approximation prediction (dashed curve) is quite different from
that of the unitary model.



It is now possgible to also
measure spin-spin correlations,
Ai » for this reaction using
poiarized beams and polarized
targets. An extensive experi-
ment has been performed by the
BASQUE group!’ at TRIUMF for

+> npﬂ+ near 500 MeV. The
comparison with prediction for
several Ai at various angle
pairs is sﬂown in Fig. 7. The
plon—exchange model does rather
well in reproducing these data,
though the error bars on the
data points are fairly large.
Another such observable, not
shown, Ao., 18 not in good
agreement with the model
predictions. Like the polari-
zations, A is also sensitive
to relative phases between am-
plitudes. An "extended partial
wave analysis" of these data is
now underway, in which the
higher partial wave amplitudes
are taken from the pion-
exchange model, but the lower-l
partial waves (presumably not
well-calculated in this model)
are fitted. The results of
this analysis, I would imagine,
will confirm that there is too
much singlet inelasticity in
the model.

Very recently there have
appeared measurements of spin-
transfer (Wolfenstein) param-
eters foi EEis reaction,
fp + $nn . Figure 8 ehows
some of this (preliminary) data
and 1ts comparison with the
plon—-exchange model. Again, it
will be interesting to see how
including NN final state inter-
actions changes the comparison
between theory and experiment.
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Fig. 6. Polarization Axo for
PP * npuK at 800 MeV.
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Fig. 7. ipin-spin correlations,
pp * npn , 500 “eV.
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Fig. 8. Spin-transfer coefficients for pp * npn+ at 800 MeV.
NN + NNn —- INCLUSLVE KINEMATICS

From the experimental standpoint it 1g quite a bit easier to
do inclusive pion production experiments, det::.cting only one parti-
cle in the final state. Theoretically, the integration over the
phase space of the unobscrved final particles is sometimes tricky
(the integrand is rather peaked) and may wash out some of the in-
teresting dynamical features that can be seen in the exclusive
cross sections. Nonetheless, as we shall see, such experiments
often provide us with interesting new information (or puzzies).

Figure 9 fyows the forward cross sections and beam polariza-
tion asymmetry”’ for op + pX at 800 MeV. Again, one sees that the
data is more forward peaked than the prediction. Also, the unitary
prediction of the pion- exchange model ie in much becter agreement
with the data than the Rlorn approximation. Incidentally, the
shoulder in the cruss section at p_=0.600 GeV/c 1is, as above,
probably due to a final state 1nteFaccion between the two nucleons.
Again, will the prediction of the asymmetry in this region can be
improved by including this {interaction in the model?



We now come to the second
major wart, which is depicted
in Fig. 10. There 18 a big
disagreement between this model ]
and the inclusive spin transfer O3
coefficients and L meas
.;uredHi in 800 Hev ppKL As U“"°"\ .‘
it turns out, there is litule
C:fference between the unitary 0
model predictions for these
quantities and the Bnrn approx-
imation. (Our Born approxima-~

tion curves here and in Fig. 9 =3 -
agree very closely with those 1 ! ]
given earlier by VerWest.l9) 035 10 1.5
What is the missing piece of Pp

physics that could explain the Fig. 9. ANO for pp + pX
discrepancy? I don’t know. at 800 MeV.

For one thing, it is not
obvious that it has anything to
do with triplet inelasticity. |

T KL T o
IMPROVEMENTS AND CONCLUSIONS

™
What are the future 05 / -

improvements in theoretical
models of single pion produc- ‘;
tion in NN collisions that can (o]

and should be made? The first, t ]

and most obvious, 18 that the I I }
monopoly "enjoyed" by Dubach, _el I
Kloet, and Silbar must be i

broken. Other models mugt be
brought to beayr on the bur- 1 1
geoning NN + NNn data base. = 08 1.0 1.2
Without other model predic- ) ’ )

tions, it is difficult to as- Pn

sess the model dependence

exhibited by the different ob- Fig. 10. Spin-transfer KL
servables. for pp * nX at B00 MeV.

Next, it is necessary to go beyond the (iterated) pion
exchange calculations presented here. To some extent the more phe-
nomenological approach of Retz and Lee’” and the Helsinki group1
does this, but we have as yet no predictions for the NN + NNn
process from these models. It is possible for us to include other
forces in the driving terms of our inhomogeneous integral
equations. The most straightforward way of doing this is by adding
(static) heavy boson exchange graphs (p, w, 0, «..) to our NN + NN’
and NN + NA Born terms.



From earlier work on Sitting the low-energy NN phases using
coupled two-body channels“” it does appear that p-exchangz in the
NN + NA graph will reduce the size of the ! phase shift (the
NN + NA + NN box diagram provides an attractive force, particularly
in this partial wave) and increase the amount of triplet scatter-
ing. It remains to be seen whether such an addition is enough to
fix up the discrepancy (Wart #1) with the Ao, measurement. With
regard to the inclusive digcrepancy (Vart #2) one even has some
reason to believe (from Ve%ﬁest 8 Born approximstion calcula-
tions!?) that p-exchange is not likely to be the missing
ingredient, but that also needs to be established.

To summarize my major conclusions regarding the new model cal-
culations of NN + NNn observables: (1) On the whole the unified,
unitary models do fairly well in explaining the present data.

(2) There is a clear nzed, however, for more triplet inelasticity
in today’s models. (3) There appear: to be a serious problem in
understanding the spin transfer coefficients in ¥p + hX.
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